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ABSTRACT 

The NASA Mod-0 Large Horizontal Axis 100 kW Wind Turbine was operated 
In free yaw with an unconed teetered, downwind rotor mounted on a 
nacelle having 8-1/20 tilt. Two series of tests were run, the 
first series with 19 meter twisted aluminum blades and the second 
series with 19 meter untwisted steel spar blades with tip control. 
Rotor speed were nominally 20, 26 and 31 rpm. It was found the 
nacelle stabilized In free yaw at a yaw angle of between -55o to 
-450, was relatively Independent of wind speed and was well damped 
to short term variations In wind direction. Power output of the wind 
turbine In free yaw, aligned at a large yaw angle, was considerably 
less than that If the wind turbine were aligned with the wind. For 
the Mod-0 wind turbine at 26 rpm, the MOSTAB computer code 
calcuUtlons of the free yaw alignment angle and power output compare 
reasonably well with experimental data. MOSTAB calculations Indicate 
that elimination of tilt and adding coning will Improve wind turbine 
alignment with the wind and that wind shear has a slight detrimental 
effect on the free yaw alignment angle. 


INTRODUCTION 

Free yaw of a wind turbine has been a goal of designers for some time 
because of the attractiveness of eliminating the yaw drive. If a 
wind turbine In free yaw, aligns closely with the wind direction, 
power output can be maximized. Additionally, an active yaw control 
system Is not required; which simplifies control systems and reduces 
mechanical components. Also, it Is anticipated that during shutdown 
in high winds, the wind turbine could be placed In free yaw with one 
blade tip feathered. This configuration will cause It to weather 
vane, bringing the blades parallel to the wind and thus reducing 
blade and tower loads in high winds. To be practical, a wind turbine 
In free yaw must align itself closely with the wind in order to allow 
the rotor to capture the most energy from the wind. As expected, the 
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power output of a wind turbine In free yaw aligned at some large yaw 
angle off the wind should not produce as much power compared to the 
wind turbine In active yaw aligned with the wind. 

Tests have been conducted by NASA on free yaw of the Mod-0 wind 
turbine. This Intermediate report will present data on the 
operational characteristics of the NASA Mod-0 wind turbine In free 
yaw having a nacelle tilt of U.50, 0® coning and a downwind 
rotor. Two blade configurations were used; (1) fixed pitch twisted 
aluminum blades at nominal rotor speeds of 20, 26, and 31 rpm, and 
(2) untwisted steel spar blades with tip control at a nominal rotor 
speed of 31 rpm. Operational characteristics to be presented are 
nacelle yaw alignment, nacelle yaw response, and power output. 
Experimental data for the twisted aluminum blades on nacelle yaw 
alignment were compared with MOSTAB computer program predictions, and 
MOSTAB calculations used to analyze the affects of nacelle tilt, 
blade coning and wind shear on Mod-0 wind turbine free yaw alignment 
angle. 


EXPERIMENT DESCRIPTION 

Free yaw tests were conducted on the NASA Mod-O 100 kW Experimental 
Wind Turbine, as described In References 1, 2 and 3. The wind 
turbine was configured with a teetered, downwind rotor. Two test 
series conducted, the first was with fixed pitch, twisted blades 
operated at nominal rotor speeds of 20, 26 and 31 rpm; and the second 
series with a tip-controlled blade having no twist operated at a 
nominal rotor speed of 31 rpm. 

The Mod-0 wind turbine (Figure 1) Is composed of a 31.5 meter truss 
tower supporting a nacelle (Figure 2) which houses the alternator, 
drive train assembly, yaw drive assembly and rotor assembly. In 
order to provide adequate clearance of the tower by the blades, the 
nacelle is mounted with Its longitudinal axis tilted 8.5° to the 
horizon, rotor end elevated. 

The yaw drive assembly shown in Figure 2 consists of a single 
hydraulic motor/gear reducer system connected through a clutch to the 
pinion and ring gears. For active yaw, the yuw control system was 
operated with the clutch engaged and the yaw brake pressurized to 
maintain a set nacelle yaw angle with respect to the wind. For free 
yaw, the yaw drive system was disengaged from the ring gear by the 
clutch and the yaw brake was deactivated, allowing the nacelle to 
move freely about the yaw axis. (The friction torque in yaw, with 
the yaw drive and yaw brake disengaged Is estimated to be 1912 n-m 
based on a friction coefficient of .02, nacelle/rotor weight of 14215 
Kg , and a bearing radius of .69 m.) 

The rotor assembly consisted of a two bladed teetered hub with 
i6.QO of teeter motion and 0° coning. The first series of 
tests were conducted with fixed pitch, twisted aluminum blades 
described in Table 1 and Figures 3, 4, 5. The 19.25 meter blades 
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TABLE 1 


BLADE CHARACTERISTICS OF THE TWISTED ALUMINUM BLADES 


Ro^or dia., m (ft.) 38. S (126.^'-',: 

Root cutout, % span ........ S 

Fixod pitch 

Blade pitch 75% span, deg ......... 2.8 

Airfoil (root to tip) NACA 230 series 

Taper Linear 

Twist, deg 26.5 

Solidity 0.30 

Precone, deg 0.0 

Max teeter motion, deg +6 

Blade mass, kg (1b.) . 1043 (230U) 


! i\ . 


BLADE CHARACTERISTICS OF THE STEEL SPAR, TIP CONTROLLED BLADES 


Rotor dia., m (ft.) 38.39 (126.0) 

Root cutout, % span 23 

Tip control, % span 30 

Blade pitch, inb'd sec., deg Zero 

Airfoil (inb'd sect.) NACA 23024 

(outb'd 30%) NACA 64^-618 

Taper Linear 

Twist, deg Zero 

Solidity 0.033 

Precone, deg Zero 

Max. teeter motion, deg +6 

Blade mass, kg (lb.) 1815 (4UO'0) 
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have 4 NACA 230 series airfoil, 3QO of twist and are mounted on the 
hub so as to have a pitch angle of +2.8 relative to the plane of 
rotation ("9QO Is feathered) at the .75 radius station (Figure 4). 

The second series of tests were conducted with untwisted steel spar, 
tip-controlled blades described In Table 2 and Figure 6. The 19.18 
meter blades have a NACA 230 series airfoil over the inboard section 
and a NACA 64 series airfoil over the outboard 30%. The blade Is 
mounted with the chord plane parallel to the plane of rotation and 
the tip section mounted so as to have a 0° pitch angle when 
parallel to the blade chord. The tins can be pitched +10° to 
-650. 

Meteorological data was taken using an array of meteorological towers 
59.4 meter from the wind turbine and spaced 45° apart. For a given 
test, the wind data was taken from the tower most nearly upwind of 
the wind turbine. The sensors on the towers are mounted at the wind 
turbine hub height. The nacelle yaw angle shown In Figure 7, was 
taken as the difference between nacelle azimuth and wind azimuth 
taken from the performance array. Data collection and reduction was 
accomplished using the data system and analysis described In 
reference 4. Brush strip chart recordings was also used. 

The Modular Stability-High Frequency Wind Energy System Version 
(MOSTAB-HFW) computer program, which calculates wind turbine loads 
and motions, was utlized to predict the wind turbine's free yaw 
alignment angle for comparison with experimental data. References 5, 
6 and 7 describe in detail the development and use of MOSTAB-HFW. 

For this paper, the wind turbine with fixed pitch, twisted aluminum 
blades was modeled for use with the MOSTAB-HFW code as described In 
Appendix A. Calculations were made for various trim conditions in 
order to obtain a relationship between yaw torque and yaw angle, for 
wind speeds of 5, 7 and 9 m/s. This data was then used for the yaw 
angle predictions. MOSTAB calculations were then made to determine 
the effects of nacelle tilt, rotor coning and wind shear on the free 
yaw alignment of the Mod-0 wind turbine. 


RESULTS 

Free yaw data was collected on the rotor operating with; fixed pitch 
twisted aluminum blades at nominal rotor speeds of 20, 26 and 31 rpm 
in wind speeds of 4 to 10 m/s ; and with tip-controlled steel spar 
blades at a rotor speed of 31 rpm In wind speeds of 4-10 m/s. The 
tests were designed to define wind turbine stability and performance 
in free yaw. Specifically, the data analysis determined the free yaw 
alignment angle, nacelle response to wind speed and direction changes 
and alternator power. 

Analysis of the test data was accomplished by the use of the Bins 
analysis techniques (Ref. 4). 

The nacelle's tilt of 8-1/20 plays an important part In the wind 
turbine's free yaw alignment angle. The 8-1/20 tilt introduces a 


torque component from the rotor torque In the yaw axis. Because of 
the blade rotational direction and the fact the rotor is producing a 
torque, this torque component tends to yaw the machine in the minus 
yaw direction. This causes the wind turbine to align itself further 
away from the wind direction than if there were no tilt. 

Twisted Aluminum Blades 


Measured data for nacelle yaw alignment of the wind turbine in free 
yaw with fixed pitch twisted aluminum blades is shown in Figures 8, 9 
and 10 for rotor speeds of 20, 26, and 31 rpm. The figures describe 
wind turbine's yaw angle, or alignment relative to the wind, wind 
speed distribution and yaw angle distribution when stabilized in free 
yaw alignment. Shown in figures 8(a), 9(a) and 10(a) for the three 
rotor speeds, the nacelle's yaw angle is relatively constant and 
independent of the wind speed. The difference in free yaw operations 
for the three rotor speeds is the free yaw alignment angle. This is 
seen from the yaw angle distribution in figures 8(b), 9(b) and 10(b) 
which indicates that the modal (most occurring) yaw angle of the wind 
turbine at 20 rpm is -46.20, 26 rpm is -53. 6° and 31 rpm is 
-45.40 off the wind. 

The directional response of the Mod-0 wind turbine with fixed pitch, 
twisted aluminum blades was very stable and well damped in free yaw. 
The characteristics were similar for the- three rotor speeds of 20, 26 
and 31 rpm. Because of the similarity in directional response at the 
various speeds only 26 rpm rotor speed data is presented in figures 
11 and 12. 

These figures are segments of strip chart recordings of the nacelle 
azimuth, nacelle wind speed and nacelle yaw angle. The nacelle wind 
speed and yaw angle are measured by an anemometer/wind vane mounted 
3.4 meters above the nacelle and 4.6 meters upwind of the rotor. 
Special care should be taken in directly using the nacelle wind speed 
and nacelle yaw angle in these recordings because the sensor readings 
of the nacelle mounted anemometer/wind vane may differ from the 
undisturbed wind speed and direction due to aerodynamic effects of 
the nacelle atid rotor. As described before, the nacelle azimuth is 
the absolute angle of the nacelle with respect to the earth and the 
yaw angle is the difference between nacelle azimuth and the wind 
direction. The nacelle azimuth signal shows the motion of the 
nacelle with respect to the earth. Since the nacelle motion is 
generally steady, any short term fluctuations in the yaw angle signal 
are due mainly to wind direction variations. 

Figure 11 shows the yaw response of the wind turbine operating at 26 
rpm. In this case the nacelle was in active yaw aligned with the 
wind and then placed in free yaw. The nacelle yaw angle indicates 
that the nacelle yaw angle asymptotically approaches the free yaw 
alignment angle, with the yawing rate dependent upon the angular 
separation of the nacelle direction to its free yaw alignment angle 
and decaying to 0 as the free yaw alignment was approached. It 
should be noted that the nacelle's motion, as shown by nacelle 
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azimuth, In reaching free yaw alignment was smooth, gentle and 
without overshoot, indicating that the damping in yaw is very high. 
With a wind speed of 4 m/s, the nacelle had a 2/3 time constant (time 
to achieve 2/3 of the difference between an initial condition and 
final condition, used to describe asymptotic type situation) of a 
approximately 30 seconds to travel from QO yaw angle to -360 yaw 
angle; based on free yaw alignment of -540 yaw angle. 

Once free yaw alignment has been established, nacelle yaw response to 
short term variations {+ 10° In 10 seconds) wind direction appears 
well damped and stable "at the three rotor speeds tested. This can be 
seen in figure 12 by comparing the nacelle azimuth behavior to the 
nacelle yaw angle behavior. Nacelle yaw angle signal shows that 
short term variations of +10° or more, due to variations in wind 
direction, have little affect on the nacelle's motion relative to the 
earth. 

Alternator power output for the wind turbine with twisted Llades at 
free yaw alignment was recorded for rotor speeds of 20, 26 and 31 rpm 
and in wind speeds of 4 to 8 m/s. The power generating system 
consisted of a synchronous generator set up as shown in figure 2. 

For all three rotor speeds, the alternator power for the wind 
turbine, stabilized in free yaw, was between 30% - 50% of the 
alternator power for the same configuration aligned with the wind. 

No general relationship between power loss and yaw angle could be 
determined that was consistent with the data for all three rotor 
speeds. Since wind turbine operations at these poor efficiencies is 
not practical, only one power curve, typical of the three rotor 
speeds Is shown. Figure 13 compares the power output versus wind 
speed, of the wind turbine at 20 rpm in active yaw aligned with the 
wind and in free yaw. Table 3 is a tabulation of points off the 
figure for the prevalent wind speeds. 


Table 3 - 51IND turbine PEdFORMANCt - free yaw vs. ACtiVE YAW 
INTO WIND-TWISTED ALUMINUM BLADES - 20 RPM 


REF. WIND SPEED 

AT POWER- 

YAW ANGLE- 

ALT. POWER 

(m/s) 

FREE YAW 

FREE YAW 

ACTIVE YAW 

(kW) 

(DEG.) 

(kW) 

4 

6.5 

-45 

15.0 

5 

14.0 

-46 

28.0 

6 

19.5 

-46 

35.0 


Steel Spar Blades with Tip Control 


Nacelle yaw alignment for the wind turbine in free yaw having 
untwisted steel spar blades with tip control is shown in figure 14 
for a rotor speed of 31 rpm. The data was collected with the Mod-0 
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wind turbine stabilized in free yaw and depict a free yaw alignment 
angle. The nacelle yaw angle versus reference wind speed and wind 
speed distribution shown in figure 14(a), is similar in nature to the 
free yaw data taken for the fixed pitch twisted aluminum blades, and 
shows a fairly constant yaw angle which is relatively independent of 
the wind speed for the wind speed range of 4-14 m/s. Figure 14(b) 
depicts the probability density of the nacelle yaw angles and 
indicates the wind turbine stabilized in free yaw with steel spar 
blades, and tip control has a modal yaw angle of -46. 5° . 

The nacelle directional responses for the wind turbine in free yaw 
with the untwisted steel spar blades with tip control and at 31 rpm 
are shown in figures 15 and 16. As stated earlier, care should be 
taken in directly using the nacelle wind speed and nacelle yaw angle 
shewn on these strip charts because of the possible nacelle/rotor 
interference. The nacelle was placed in free yaw at approximately 
-350 yaw angle and shows the tendency to reach and stabilize at the 
free yaw alignment angle. Unlike the rotor with twisted aluminum 
blades, the nacelle's motion as shown by the nacelle's azimuth is not 
clearly asymptotic nor as well damped. The "low dampened" yaw motion 
of the nacelle continues to occur at a "stabilized" nacelle free yaw 
alignment as shown in figure 16 where the wind turbine has been in 
free yaw for a long period of time ( 20 minutes). This figure does, 

however, indicate the nacelle yaw is dampened to short term 
variations in wind direction of +^10° in 10 seconds. 

Alternator power of the wind turbine in free yaw with untwisted steel 
spar blades and tip control was recorded for a nominal rotor speed of 
31 rpm after the wind turbine had reached free yaw alignment. For 
this test a 2 speed high slip induction generator was used with no 
fluid coupling between the gear box and generator. It was set in the 
high speed mode and the maximum power was set at 90 kW. Drive train 
slip was measured to be 4% at rated power of 100 kW. The alternator 
power output for the wind turbine at free yaw alignment is presented 
in figure 17. The alternator power output of the same wind turbine 
in active yaw aligned with the wind is also given for comparison. 

The differences in power for the wind turbine in free yaw at 
approximately -480 yaw as compared to active yaw at 0° is readily 
apparent. The wind turbine in free yaw did reach the same maximum 
(limit) power output as the wind turbine aligned with the wind, 
however, at a wind speed 3 m/s higher. Power for the two 
configurations and at the prevalent wind speeds along with the median 
free yaw angle are tabulated in table 4. Again, simple power ratio 
of the wind turbine into the wind to the wind turbine in free yaw as 
a function yaw angle could be determined that was consistent with the 
data. 
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TABLE 4 -"'WIND TURBINE PERFORMANCE - REE YAW ACTI\/E"YAW 
INTO THE WIND - STEEL SPAR BLADES WITH TIP CONTROL 
AT 31 RPM 


WIND SPEED 

AT POWER- 

YAW ANGLE- 

ALT. POWER 

(m/s) 

FREE YAW 

FREE YAW 

ACTIVE YAW 

(kW) 

(DEG.) 

(kW) 

5.9 

5.7 

-49 

39.0 

6.9 

18.4 

-50 

65.1 

7.9 

29.9 

-50 

98.0 

8.9 

49.0 

-47 

102.1 


Analysis 

An analysis was made of the predicted free yaw behavior of Mod-0 
using the MOSTAB-HFW (Modular STAB ility - High frequency Wind) code. 
This code is a wind turbine version of a rotorcFaft code "also called 
MOSTAB-HFW developed for Air Systems Command (ref 8). In HFW, each 
rotor blade may be modelled with up to four aeroelastic degrees of 
freedom and the rotor hub may include teetering. The support for the 
rotor, however, is assumed to be rigid. Further details of the 
MOSTAB-HFW code are given in reference 9. The assumed blade 
distributed properties used to model the Mod-0 having 8-1/2° tilt 
with twisted aluminum blades described earlier and at 26 rpm are 
given in Appendix A. 

The MOSTAB program predictions of the free yaw alignment angle for 
the Mod-O wind turbine, with 8-1/2° nacelle tilt, having teetered 
fixed pitch twisted aluminum blades, 0° coning and at 26 rpm, were 
verified with data taken on Mod-0 wind turbine. To determine free 
yaw alignment, nacelle yaw torques were calculated for various trim 
yaw angles at wind speeds from 5-9 m/s. Since at free yaw alignment 
the sum of the yaw torques for the nacelle should be zero, a plot of 
yaw torques vs. yaw angle's should indicate the free yaw alignment at 
zero yaw torque. With the yaw drive disconnected by a clutch and 
brake pressure set to 0 PSI, the yaw torques acting would be the 
torques generated by the rotor and friction torque. The rotor 
torques were computed by MOSTAB. The friction torque was estimated 
from experimental data to be 1900 N-M, based on nacelle weight of 
1421 kilograms, friction coefficient of -.02 and a yaw bearing radius 
of .69 meters. Figure 18 shows the yaw torques at various yaw angles 
calculated by MOSTAB for the given wind speed envelope. Also shown 
is the estimated yaw friction torque. The yaw equilibrium where the 
sum of the torques are zero and free yaw alignment occurs would be 
the range of yaw angles where the yaw friction torque intersects 
MOSTAB' s nacelle yaw torque envelope. Figure 18 indicates a range of 
yaw angles of -55° to - 35° where yaw equilibrium may occur 
depending upon the wind speed. The experimental free yaw alignment 
of -53.60 falls in that range. Considering the accuracy of the 
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estimated yaw friction and unsteady meteorological variables In the 
experimental data, the MOSTAB program predicts reasonably well wind 
turbine free yaw alignment. 

Studies were made with the MOSTAB-HFW code to determine the effects 
of nacelle illt, rotor coning and wind shear on wind turbine free yaw 
alignment. For these cases, a baseline wind turbine configuration 
was modeled and then one specific characteristic was changed. The 
resulting values of yaw torque were then compared to the baseline 
configuration yaw torque values. The baseline model used was the 
Mod-0 100 kW wind turbine with 8-1/20 nacelle tilt, teetered rotor 
with OO coning, and fixed pitch twisted aluminum blades operating 
at 26 rpm in steady 7 m/s wind speeds. The effect of removing the 
8-1/20 of nacelle tilt is shown In figure 19. The MOSTAB 
calculations show a positive shift of the yaw torque vs. yaw angle 
curve which indicates the nacelle will align closer to the wind of 
nacelle tilt Is removed. A significant positive shift of the yaw 
torque vs. yaw angle curve was calculated by MOSTAB for the wind 
turbine with 70 coning as compared to the baseline wind turbine 
without coning, as shown in Figure 20. The addition of coning to the 
baseline model would cause the wind turbine to align closer with the 
wind. The effect of removing wind shear upon predicted yaw torque 
vs. yaw angle is small as shown In Figure 21. However, It indicates 
the wind shear does contribute to the off wind alignment of the wind 
turbine In free yaw. 


CONCLUSIONS 

Free yaw operation of the NASA Mod-0 wind turbine with 8-1/2° 
nacelle tilt and 0° coning and using both fixed pitch twisted 
blades and untwisted tip controlled blades resulted in the following 
conclusions: 

1. The wind turbine Is stable and damped in free yaw and readily 
seeks and maintains free yaw alignment at some yaw angle. 

2. For the Mod-0 wind turbine configuration with 8-1/2° nacelle 
tilt, free yaw alignment was between -55° -and -45° and 
Independent of wind speeds between 5-9 m/s. The large off wind 
alignment of the nacelle, Is believed to be mostly due to the 
nacelle tilt. 

3. At these yaw angles power output of the wind turbine was reduced 
30% to 50% from the power output of the wind turbine aligned with 
the wind. 

4. Free yaw operation with twisted aluminum blades provided slightly 
more nacelle yaw damping than operation with untwisted steel spar 
blades with tip control. 

5. MOSTAB predictions of free yaw alignment and rotor power 
correlated reasonably well with experimental data in the case of 
the Mod-0 wind turbine with twisted aluminum blades at 26 rpm. 
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6, MOSTAB calculations Indicate that both removing tilt and adding 
coning will cause the Mod-0 wind turbine with teetered, fixed 
pitch, twisted aluminum blades to align closer to the wind. 

7. Wind shear variations have a small affect on free yaw alignment, 
the less wind shear, the closer alignment to the wind. 
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FIG. 3. BLADE PLANFORM TWISTED FIG. 6. BLADE PLANFORM - STEEL 
ALUMINUM BLADES SPAR WITH TIP CONTROL BLADES 
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FIG. 9. FREE YAW ALIGNMENT DATA 
FOR WT WITH TWISTED BLADES AT 
26 RPM VS. REFERENCE WIND SPEED 
(A), AND DISTRIBUTION (B). 


FIG. 8. FREE YAW ALIGNMENT DATA 
FOR WT WITH TWISTED BLADES A’l 20 
RPM VS. REFERENCE WIND SPEED (A), 
AND DISTRIBUTION (B). 
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FIG. 11. STRIP CHART RECORDING 
OF WT WITH TWISTED ALUMINUM BLADES 
AT 26 RPM PLACED IN FREE YAW AT 
00 yaw ANGLE. 
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FIG. 12. STRIP CHART RECORDING 
OF WT WITH TWISTED BLADES AT 
26 RPM STABILIZED AT FREE YAW 
ALIGNMENT. 
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WT WITH UNTWISTED BLADES, TIP 
CONTROL AT 31 RPM VS. REFERENCE 
WIND SPEED (A) AND DISTRIBUTION (B), 






ORIQlNAt Pf;®^ S 
OF POOR QUAUTT 


APPENDIX A 

MOSTAB INPUT MODEL OF THE MOD-0 WIND TURBINE 
HAVING 8.5° NACELLE TILT, NO ROTOR CONING AND 
TWISTED FIXED PITCH ALUMINUM BLADES OPERATING 
AT A ROTOR SPEED OF 26 RPM. 


HZTP hOSTAP.-HFW MOO -0 WITH TEETfftEO HUB 

•nuoo «nOOO .OQQC *0000 


GT«BAt data 

♦ lOOO*OtJl .0000 

rotTOfl roeee- 


.0000 .0000 .0000 

l OOOB rgoDD rtft O B 


OISTRieUTEO BLADE PROPERTIES FOR AEROELASTIC ROTOR ANALYSIS 

INERTIA TENSORS 


STATION S R*SS CHORD YCG 2C6 lYV lYZ IZZ 

SLUGS^FT FT 

1 .OC *00000 .0000 *000 *000 .000 *000 .000 

Z T.5J .CQUDO .crjr>c ,^00 *003 — rOCO - " ‘ .flOO .ono 

3 *>.■'0 .Ci'iuOrj .coo .ono .ono .o^o ♦o'^o 


R «.T£ I.8ZH-C <i,F inr -.i3v«-prj ,crc .ioj*ooi .6?8-an 

F IS. PS l.C7«r;ij M.F jnr -.IRZ + DDC) .OOJ .Z13*000 ,.ZZO*DOO .lOX + OOl 

-6 - » ne * O00 .lo^ re oi 

7 30.83 1.15ZCQ 3.557S ,-joO .000 .8A0-001 .9O0-00Z .70Z*ODO 

■B 37, BO .9R&2G 3.13TS .COO .CfTO FWIiOTjl ^R«T---OTJZ — -.^lZR-*OTO 

9 M6.R8 .69S93 Z .SM69 .LOO *000 .ISR-OOl .106-002 .239*000 

10 SO. 00 .651:90 2.S50C .000 .^fl— vW-002~ Tt76'*000 

n 56. ?5 .34540 1.9562 .COO *000 .191-OoZ *741-003 .625-001 

« 1»7 5 9 4 rtrOO nTOO rty 1 -0 0 8 iT 4 1 - 003 «6? fr- 001 

13 62.50 *29o40 1.5625 .000 .000 .847-003 .318-OOS .4T7-0D1 


concentrated NASS PROPERTIES FOR AEROELASTIC RO-TW-AtrALYSIS 


-S-fATI«N 

5 

FT 

M65 

SLUGS 



-^C€ 

-m 




1 

3.33 

. 894+uol 

.300 

.COD 

'»4i>6'*0D0’ 

— 

•RS^^OOO 

2 

'.37 

.85j*cni 

.900 

.ton 

.133*001 

,159-002 

•246*001 

3 

1.00 

» 140*001 

.oct 

♦ 33ri^cno 

.305*002 

rBOO - 

*305.002 


121 


1 


originau wgr « 

OF POOR QUAUTf 


rt?TB MOSTA0-HFW MOO-0 WITH TEETEReO HUB 



initial 

SHAPE 

FUNCTIONS 

• 

•; ■ 

station 

S 

SW-j«2) 

svo< ; 



FT 



;■ 

J 

. ••0 

. L'Uu 

.jPO 


2 

T.33 

.',Cu 

.'•.00 


3 

- ^9 ilf; 

• ••▼OOtr 



U 

6.75 

.COO 

• J n u 


c; 

15.6, 

. o'le 

.UPL 


6 

9 *tj 

• OOii 

..PC 


7 

30.43 

. uQu 

• UOD 


8 

3T.5C1 

. oou 

* one 


-9 - 

-49,86-* 

— . i»00' 

— .ooo- 


10 

sn.iio 

*cou 

.000 


11 

56.25 

.c-ao 

.000 

^ ■ 

12 

59.38 

.coo 

• JOC 

• i 

13 

62.50 

.000- 

.00&- 


TWIST, RAD 

> swot^t BW-» 3 > o w ou > 

.rntj — -.tefr rUM ^i oQ -> ooi 

.can «coo .000 -.loo^ooi 

. 5 6». C Q P .MP rBM ,i00 * 00t 

,S 56 *Cno *000 .000 -.xoo.oox 

.2fx«-ooe .eoe »uot .iea-»eei- 

•ii’^cnc .000 .000 -.loa^ooi 

»7l5“60l ’.(t&O — »0ft9 *-» X 

.3R6-OOX .000 .000 -.XOO»OOX 

roee .««a -. xoo »b ox 

-.670-002 .000 .000 -.XOO^OOX 

~.233"^0nX — »0 Q0 *-OOfl — *XO O > d OX- 

-.294-OOX .000 .000 -.XOO^OOX 

-;3#^»Otrr - . two »-OM -^ XOO * OOX 


MODAL OATA- 


Mooe NO. 1 OMEGA = U.S64-'’0 MODE NO.—? 0ME6A 5 I5.922C&- 

BETA E = .wOnO BETA E = .OqoO 

- BCTAOO^g— = B ET ^ A &et-^-- . PO C O - 

INTEGRATION SPECIFICATION = X.GOQO INTEGRATION SPECIFICATION = X.OOOO 

-2ETA -=• .OOOfl- 2E7A— a — . 0000 

station S OEt«2» PEL«3» 0£t<«H & £U2>0EU3 -t OEtr<N->- 


X 

2 

3 

4 

5 

6 
-7- 

8 

9 

10 

11 

12 

13^ 


■ • . do 

-*.u*}006- 

,00000 

3.33 

.00240 

-.Olllu 

4.00 

. 0 Q 45 O 

-.02100 

6.75 

. .2180 

-.09880 

15.63 

.19140 

-.77790 

25.00 

.59240 

-2.4824C 

^ A 

■9T*' 1 3 

— r“#S Td 

▼TTttr;>79r 

37.50 

1.42020 

-6.75450 

46.86 

2*18440 

-11.74450 

50.00 

2.45750 

-13.65820 

S6.?5 

3.0171U 

-18.83740 

59.38 

3.29280 

-21.8434C 

^3 • SO 


-29.94990- 


.00000 -.09X50 -.00640 .00000 

•00U»O .07+70— rtX20Q rOOOOO- 

.PQCOO -.35580 -.04970 .00000 

.00000 +. 39 370 -t 3996|? - «3Ofl0 B 

.00000 -6.3133C -.50920 .00000 

1 00000 9^-66 X 9 0 .9 0 970 ■ 000 0 9- 

.OOCOO -X4.X6380 -X. 65450 .00000 

.BOOOO—M .589+0 — -5^9B99tJ ylJOBOO- 

.00000 -24.34090 -4.40380 .00000 


.nOCOO -33*33690 -6.43130 .00000 

. 0 060 0 “ 1 6.9 570 0 - X B. X 4 32 0 lOOOOO 




122 



n 







